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Geochemical Dataset of Magmatic Rocks along the

Deep Seismic Reflection Profile of a Typical Basin-range

Junction Belt in Western China: the Western Qinling—
Linxia Basin

ZENG Lingsen, GAO Rui, GAO Li’e, WANG Haiyan, HE Rizheng, JIN Sheng, HOU
Hesheng, XUE Aimin, XIONG Xiaosong, LI Wenhui, YE Gaofeng

(Institute of Geology, Chinese Academy of Geological sciences, Beijing 100037, China)

Abstract: The western Qinling orogenic belt is located in the northeastern margin of the Qinghai-
Tibet Plateau, and its lithosphere structure and changes record the deep process information of
the plateau to the northeast. The western Qinling orogenic belt is also a prospect for resource
development in China. Especially because of the shortage of global oil, China’s petroleum geology
has accelerated the exploration in new areas. The western Qinling orogenic belt and both its basins
are listed as one of the most worthy of oil and gas exploration strategic constituencies. On the
basis of field observation, important geological bodies along the deep seismic reflection profiles
across the West Qinling Mountains and the Linxia basin in southern Qilian were sampled. Zircon
U—-Pb geology chronology, whole rock elements and isotope (Sr and Nd) composition of the test
work resulted in a dataset containing three data tables, including the zircons LA-MC—-ICP-MS
of magmatic rocks from the western Qinling orogenic belt and the Linxia basin (a total of 7 test
samples, 145 test points, the test accuracy of (20) are 2%), major and trace elements of investigated
magmatic rocks (a total of 33 test samples, each sample with 69 test items, the content of more than
10 x 10 elements with test accuracy of 5%, and less than 10 x 10 element accuracy of 10%), and
whole-rock Sr and Nd isotopic data for magmatic rocks(Sr+ 0.000010 (r» = 18) and Nd+ 0.000011 (n
= 18), respectively, in 27 test samples from the western Qinling orogenic belt and the Linxia basin).
These data are used to determine the ages and geochemical properties of different magmatic rocks,
in order to better explain the tectonic significance represented by the deep geological structure
revealed by the seismic reflection profile.

Key words: basin—-range junction belt; west Qinling—Linxia basin; seismic reflection;
lithogeochemistry; dataset

Data service system URL: http://dcc.cgs.gov.cn

1 Introduction

Western Qinling orogenic belt is located in the northeastern margin of the Tibetan

Plateau, and its lithosphere structure and record of change can show information on the

About the first author: ZENG Lingsen, male, born in 1970, doctor, researcher, majors in rocks and geochemistry; E—mail: 1zeng1970@163.com.

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2017, Vol.44 Supp.(1) | 69



Geochemical Dataset of Magmatic Rocks along the Deep Seismic Reflection Profile of a
GEOLOGY IN CHINA Typical Basin-range Junction Belt in Western China: the Western Qinling—Linxia Basin

deep processes of the northeastward development and evolution of the plateau. The western
Qinling orogenic belt is also located in the east-west and south-north tectonic junction of
the Chinese continent, and this special tectonic environment makes it the best region for
studying the convergence of the north and south terranes/plates of the Chinese continent
and their tectonic transition relationship with the Qilian orogenic belt and the north-south
tectonic zone. Seismic activities are frequent in this region. Many major aspects such as
tectonic evolution, resource exploitation and continental dynamics in many crucial periods
of the Chinese continent are closely related to the western Qinling orogenic belt, which
therefore is also a prospect area for China’s resource exploitation. Especially with the
global oil shortage, China’s petroleum geoscience industry has speeded up exploration in
such new areas. The western Qinling orogenic belt and basins on both its sides have been
listed as one of the strategic target areas that deserve focus and re—understanding for oil
and gas exploration in China.

The Hezuo—Yongjing seismic reflection profile crosses both the western Qinling and
southern Qilian orogenic belts. In this profile, with a thrust—strike slip fault in the northern
margin of the western Qinling as a boundary, the western Qinling orogenic belt is to the
south, and the Linxia basin to the north located in southern Qilian (Fig. 1). In the Linxia
basin, there are sporadic k-feldspar granites and mafic dikes outcropping, reflecting the
basement material composition of the basin. The basin also records a large number of
tectonic and climatic events during the uplift process of the Tibetan Plateau, and stratum
outcrops are intact due to the cutting of the water system. Therefore, the Linxia basin is a
satisfactory place to reveal the uplift process of the Tibetan Plateau through its sediments (Li
et al., 1995; Fang et al., 1997; Zheng et al., 2003).

The two Tibetan Plateau uplift periods recorded in the Linxia basin were about 14 Ma
and about 5.4-8.0 Ma, respectively (Zheng et al., 2003). The rapid denudation event that
occurred in about 14 Ma may reflect contemporaneous crustal thickening and plateau uplift
events, which happened in the northern part of the Tibetan Plateau due to the convective
thinning of the lithosphere; the duration of this activity is similar to that of the potassium
alkaline volcanic rocks in the area (Yu et al., 1994, 2001). The latter event may have been
associated with the eastward and northward expansion of the northeast boundary of the
Tibetan Plateau after the uplift of the plateau reached a considerable height, due to the
need to maintain its great height and to continue to regulate the convergence of the north
and south (Zheng et al., 2003).

The seismic reflection (SR) profile survey line (dotted line in Fig. 1) crossed the western
Qinling and the Linxia basin. In order to better interpret the tectonic meaning of the
deep geological structure revealed by the SR profile, on the basis of field observation,
systematic sampling of important geological bodies along the Hezuo—Yongjing SR profile
was carried out, and analysis of zircon U—Pb geochronology, whole rock elements and
isotope (Sr and Nd) composition was conducted, in order to determine the formation age
and geochemical characteristics of different magmatic rocks.

The brief table of metadata of the geochemical dataset of important magmatic rocks
along the deep SR profile of the western Qinling—Linxia basin is shown in Table 1.

2 Overview of regional geology

On the northwest side of the Linxia basin, Jishishan Hill has high terrain and outcropping
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Table 1 Metadata table of dataset(s)

Items

Description

Database (dataset)
name

Database authors

Language

Data acquisition time
Geographic area
Data format

Data size

Data service system
URL

Database (set)
composition

Geochemical Dataset of Magmatic Rocks along the Deep Seismic Reflection
Profile of a Typical Basin—range Junction Belt in Western China: the Western
Qinling—Linxia basin

Zeng Lingsen, Institute of Geology, Chinese Academy of Geological sciences
Gao Rui, Institute of Geology, Chinese Academy of Geological sciences

Gao Li’e, Institute of Geology, Chinese Academy of Geological sciences
Wang Haiyan, Institute of Geology, Chinese Academy of Geological sciences
He Rizheng, Institute of Geology, Chinese Academy of Geological sciences
Jin Sheng, Institute of Geology, Chinese Academy of Geological sciences
Hou Hesheng, Institute of Geology, Chinese Academy of Geological sciences
Xue Aimin, Institute of Geology, Chinese Academy of Geological sciences
Xiong Xiaosong, Institute of Geology, Chinese Academy of Geological sciences
Li Wenhui, Institute of Geology, Chinese Academy of Geological sciences
Ye Gaofeng, Institute of Geology, Chinese Academy of Geological sciences

Chinese

From 2007 to 2010

Linxia, Gansu province, east longitude 102°~104°, latitude 35°~36°
.doc

150 kB
http://dcc.cgs.gov.cn

This dataset comprises three data sheets: (1) The Zircon LC-MC—ICP—-MS age
data of magmatic rocks in the western Qinling orogenic belt and Linxia basin
in the north part of Hezuo, named as: zircon data.xls, consisting of the zircon
U-Pb data of 7 samples. (2) The characteristics of major elements and trace
elements of magmatic rocks in the western Qinling orogenic belt and Linxia
basin in the north part of Hezuo, named as: major and trace element data.xls,
consisting of the contents of 12 major elements, 14 rare earth elements and 27
trace elements of 33 samples. (3) The characteristics of Sr and Nd isotopes of
magmatic rocks in the western Qinling orogenic belt and Linxia basin in the
north part of Hezuo, named as: Sr and Nd data.xls, consisting of Sr and Nd
isotope ratios of 27 samples.

granite and megacryst diorite, with the granite similar to that in the Linxia basin. Linxia

basin is located about 100 km to the southwest of Lanzhou city. It is a basin with piedmont

depression characteristics surrounded by the Leijishan deep fault in the northeastern

margin of the Tibetan Plateau, the deep fault in the northern margin of the western Qinling,

and the eastward extension of Maxianshan Hill. It belongs to the southwest corner of the

large Tertiary Longzhong basin (Fig. 1), which began to develop around 30 Ma, after

which, the Cenozoic strata have been almost continuous and kept intact till now. The

thickness of the Tertiary sediments in the depocenter is up to 1600 m.

3 Data acquisition and processing methods

3.1 Sample collection

During the implementation of the project, a detailed field geological survey was
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Fig. 1 Geological map of Linxia, Gansu Province (after the Geological Survey of Gansu Province)

conducted along the Gansu Lanzhou—Hezuo line, and representative rock samples were
collected (Fig. 2 and Fig. 3), of which 7 pieces are zircon U—-Pb geochronology samples,
including granite, K—feldspar granite, granodiorite, diorite, quartz andesite, and andesite.

3.2 Sample analytical procedures and accuracy

3.2.1 Zircon LA-MC-ICP—-MS analysis method and zircon characteristics

A representative sample was selected, crushed into 60 mesh, and the zircon separated
by a series of methods, namely washing, magnetic separation, electromagnetic separation,
and manual separation. Under a binocular microscope, clean and transparent single—
mineral particles were selected, and placed one by one on double-sided tape, and then a
PVC ring pressed on. After mixing epoxy resin and its curing agent evenly, the mixture
is poured into the PVC ring, and then placed into an oven, and kept at 60°C for 48 hours.
Taking out the sample target, it was sanded with a piece of sandpaper to the central portion
and polished with a piece of polishing cloth. After the target preparation was completed,
reflected and transmitted light photomicrography was conducted on the mineral to identify
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Fig. 2 Field photographs showing the andesite ZHZ09 intruding into granodiorite ZHZ08

(B)

Fig. 3 Field photographs showing the granite 0430 (A) and thrust fault (B)

surface cracks and internal inclusions of the sample. Thereafter, cathodoluminescence
(CL) image acquisition was conducted for the zircon in the scanning electron microscope
laboratory to examine the internal structure and composition zoning of mineral particles,
to determine the appropriate position for analysis and testing. Prior to the analysis and
testing, the sample target was cleaned ultrasonically with alcohol, to remove possible
surface contamination. The sample target was plated with gold on the surface and then was
analyzed using the ion probe method. The CL imaging observation was carried out at the
Beijing SHRIMP Center, and the backscattered (BSE) imaging and the test of components
of inclusions in zircon were conducted using scanning electron microscopy at the Institute
of Geology, Chinese Academy of Geological Sciences, Beijing. The distribution and
structure of the growth layer in zircon were determined by CL and BSE images, to select
analysis points. The zircon U—Pb analyses were conducted in the MC-ICP-MS laboratory
of the Institute of Mineral Resources, Chinese Academy of Geological Sciences. The
equipment used for the zircon dating analysis is the Finnigan Neptune MC - ICP - MS and
its accompanying Newwave UP 213 Laser Ablation system. In laser ablation, the diameter
of the beam spot used is 25 pm, the frequency is 10 Hz, the energy density is about 2.5 J/
cm’, and the carrier gas is He. Multi-ion-counters were used to receive signals for *’Pb,
*Pb, **Pb(+***Hg) and *Hg with weak signals, and the signals of **Pb, **Th, and **U
were received using Faraday cups; therefore, all target isotope signals were simultaneously
received and all peaks with different mass numbers were substantially planar, to obtain
data with high accuracy. The test accuracies (2s) of *’Pb/*”Pb, **Pb/**U and *’Pb/**’U of
uniform zircon particles are all about 2%, and the standard dating accuracy for zircon is
about 1% (2s) accordingly. The single point ablation method was used for LA-MC—ICP—
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MS laser ablation sampling, and the zircon GJ—1 was used for adjustment of the equipment
so that it achieved its optimal state before data analysis. The zircon GJ—1 was taken as
an external standard for zircon U-Pb dating, and the zircon M127 (U: 923 ppm; Th: 439
ppm; Th / U: 0.475. Nasdala et al., 2008) was taken as an external standard for calibration
for the U, Th contents. During the test, two zircons GJ1 were measured repeatedly for
calibration of samples before and after every 5—7 samples were measured. One zircon
Plesovice was measured, and the equipment state should be observed to ensure the test
accuracy. The ICPMSDataCal program (Liu et al. 2010) was used for data processing.
*Pb/**Pb>1000 for vast majority of analysis points, and the common Pb correction was
not performed during the test. **Pb was detected by an ion counter. The analysis points

with abnormally high content of ***

Pb might be affected by the common Pb in inclusions,
etc., so the analysis points with abnormally high content of **Pb were excluded from the
calculation. The zircon age concordia diagram was obtained with Isoplot 3.0 program. The
U—Pb geochronology analysis was completed for 7 zircon samples.

Sample 0412 is quartz andesite, collected from the western Qinling orogenic belt. The
zircons are euhedral and long columnar with clear edges and corners, with grain sizes
being between 100-250 mm and with length—width ratios being 2:1 generally and reaching
3:1 occasionally. Both CL and BSE images of the zircons show that the zircons have no
evident cores, and are relatively clean and substantially free of inclusion, with distinct
rhythmic zonal structure (Fig. 4a). The core zone density is low, but the edge zone density
is higher, so the zircons are magmatic zircons.

Sample ZHZ08 is a granodiorite, collected from the western Qinling orogenic belt. The
zircons are euhedral and columnar with clear edges and corners, with grain sizes being
between 100-250 mm and with length-width ratios being generally 2:1-3:1. Both CL and
BSE images of the zircons show that they have no evident cores and are relatively clean,
and several of them have inclusions, with weakened rhythmic zoning structure (Fig. 4).
The zircons are magmatic zircons, but they might have been affected by late thermal
events.

Sample ZHZ09 is an andesite, collected from the western Qinling orogenic belt. The
zircons are euhedral-subhedral, and most of them are long cylindrical and several are
perfectly round. The grain sizes are between 50-200 mm, and the length-width ratios are
generally 2:1-3:1. Both CL and BSE images of the zircons show that they have no nucleus
and are relatively clean, and several of them have inclusions, with weakened rhythmic
zoning structure (Fig. 4c). Some zircons have edges containing high U and Th and showing
rhythmic zoning structure with dark luminescence, which are, however, in the same period
with the core zircons. This may have been caused by the changes in the contents of U and
Th in the growth of the zircon during the contemporaneous event.

Sample 0419 is a k-feldspar granite, collected from Jishishan Hill. The zircons are
euhedral-subhedral, and long columnar, with grain sizes being between 100-200 mm and
with length-width ratios being generally 2:1 and occasionally reaching 4:1. Both CL and
BSE images of the zircons show that they have a core—mantle—edge structure, including a
white fuzzy zoning core, a gray weak zoning mantle and a black weak luminescence edge.
Several zircons contain inclusions in their mantles (Fig. 4d).

Sample 0429B is a diorite, collected from Tangwang Town on the north of the Linxia
basin. The zircons are subhedral-anhedral, and columnar, perfectly round, with grain
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sizes being between 50-150 mm, and with length-width ratios being mostly 2:1 and 1:1

rarely. Both CL and BSE images show that the zircons have a core—mantle—edge structure,

including a weakly oscillating zoning core, a gray unzoned mantle and a white narrow

edge (Fig. 4e).

Sample 0429C is a k-feldspar granite, also collected from Tangwang Town. The zircons

are euhedral, and long columnar, with grain sizes being between 100—150 mm and with

length-width ratios being generally 2:1. Both CL and BSE images of the zircons show that

they have a core—edge structure, including a white core containing inclusions, and an edge

with distinct oscillating zone (Fig. 4f).

Sample 0430-2 is a granite, collected from a place about 3 km from the north of Linxia

city. The zircons are euhedral and columnar, with grain sizes being between 150-200 mm,

and with length—width ratios being 2:1. Both CL and BSE images show that the zircons

have a homogeneous distinct oscillating zoning structure (Fig. 3g).

3.2.2 Analysis methods for major elements and trace elements

In order to determine the geochemical characteristics of the sample rocks, the
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Fig. 4 CL images of representative zircons for magmatic rocks
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compositions of the whole rock major elements, trace elements and Rb—Sr, Sm—Nd
isotopes were analyzed. The testing of the major and trace elements was conducted at
the National Geological Experiment and Testing Center of the Ministry of Land and
Resources. The whole rock major elements were analyzed using the X—ray fluorescence
spectroscopy (XRF) melting glass plate method. The procedure was as follows: first, put
the whole rock powder into an oven to bake at 105°C for 2 hours so as to remove the
adsorbed water from the sample. Remove the sample from the oven and quickly put it into
a desiccator to cool. After the sample is cooled to room temperature, accurately weigh 0.5
£ (0.5000 + 0.0007g) of the sample into a crucible dried to a constant weight, and then put
the crucible with the sample into a muffle furnace and heat to 1000°C to burn for 1.5 hours.
Take out the burned sample and put it in a desiccator to cool to room temperature, and then
weigh it and calculate the loss on ignition of the sample. After that, accurately weigh 5 g
of mixture reagent (composed of solvent Li,B,0,, cosolvent LiF, oxidant NH,NO,), mix
with the sample, and grind till even. Pour the mixed sample into a platinum crucible, and
add 3 drops of lithium bromide (release agent); pour it out after being sufficiently melted
at 1000°C in the high frequency melting machine, and cool down to form a glass plate.
Finally, the major element analysis of the sample was carried out by using XRF (X-—ray
fluorescence spectrometer 3080E). In the process of analysis, the rock standard samples
GSR.1 (granite), GSR.2 (andesite) and GSR.3 (basalt) provided by the National Standard
Material Center were selected as standard reference materials. In the analysis results, the
analysis accuracy is 5%.

For analysis of the whole rock trace elements, the mixed acid dissolution method was
used for sample dissolving. The analytical test was performed with an inductively coupled
plasma mass spectrometer (ICP—MS—Excell). The analysis flow was as follows: first,
put the sample into an oven to bake at 105°C for 2 hours so as to remove the adsorbed
water. Take out the sample and place it in a desiccator to cool to room temperature. Weigh
accurately 50.00 mg (49.00-51.00mg) of sample and put into a Teflon sample-dissolving
vessel with cover, and add 1.5 mL of highly pure HNO;, 1.5 mL of highly pure HF and
0.01 mL of highly pure HCIO,. Put the sample-dissolving vessel with cover opened on an
electric heating plate at 140°C to evaporate to dryness, to remove most of the SiO,. After
drying, add 1.5 mL of highly pure HNO, and 1.5 mL of highly pure HF again into sample-
dissolving vessel. Then cover the sample-dissolving vessel, and load it into the steel jacket
to seal; put into the oven at 190°C, and keep the constant temperature for 120 hours. Take
out the sample-dissolving vessel, evaporate the sample to dryness, and then add 3 mL of
highly pure HNO,. Evaporate to dryness again to remove the residual HF. After that, add
3 mL of highly pure HNO; (1:1), load into steel jacket, and put into the oven at 150°C and
keep the constant temperature for 12 hours to ensure complete extraction of the sample.
After cooling, pour the sample into a 100 mL PET bottle, add 1 g of Rh internal standard,
and add water into the bottle to make 100 g, ready for test on the machine. The testing
accuracy is 5% for trace elements and rare earth elements (REEs) with content greater than
10x10°, and 10% for trace elements and REEs with content less than 10x10°. The test
error is greater than 10% for several elements with low content in the sample.

3.2.3 Analysis methods for whole rock Sr—Nd—Pb isotopes

The analysis of Rb—Sr and Sm—Nd isotopes was carried out at the isotope laboratory of
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the Institute of Geology, Chinese Academy of Geological Sciences. First, weigh 100-150
mg of sample into a Teflon sample-dissolving vessel with cover, add 1.5 mL of highly pure
HNO;, 1.5 mL of highly pure HF and 0.01 mL highly pure HCIO,, and put the vessel with
cover opened on an electric heating plate at 140°C to evaporate to dryness. After drying,
add 1 mL of highly pure HNO, and 2 mL of highly pure HF, load into steel jacket, and put
into the oven at 190°C and keep the constant temperature for 120 hours. Take out the sample
and put on the electric heating plate at 140°C to evaporate to dryness. Add 1 mL of 6N HCl,
evaporate to dryness again, and heat to 200°C until white smoke is fully released. Add 1 mL
of 3N HCI, and keep at 80°C overnight, waiting for chemical separation. With the isotope
dilution method, the composition of Sr isotopes and the concentrations of Rb, Sr, Sm and
Nd were measured using Finnigan MAT—262 mass spectrometer. Nd isotope analysis was
conducted using Nu Plasam HR MC—ICP—MS Multi-collector plasma mass spectrometer (Nu
Instruments). The analysis results of Nd and Sr were normalized to '**Nd/"**Nd = 0.7219 and
*St/*Sr = 0.1194, respectively, for mass fractionation correction. During the analysis of the
samples, the Sr isotope test standard was NBS987 and the test value was 0.710247+12(20).
The Nd isotope test standard was JIMC Nd, and the test value was 0.511127+12(20). The test
accuracies of Sr and Nd isotopes are 0.000010 (rz = 18) and 0.000011 (n = 18), respectively.

4 Description of data samples

With the test data of the quartz andesite sample 0412 as an example, the composition
and structure of this dataset are described.

The zircon LC-MC-ICP—MS age data of the magmatic rocks in the western Qinling
orogenic belt and the Linxia basin shows the zircon U-Pb ages of the magmatic rock
samples “Pb”, “Th” and “U” are the contents of three elements at test points, in ug/g; “Th/
U” is the content ratio of these two elements; “**’Pb/**Pb(Ratio)”, “**’Pb/**Pb(£%)”,
“2pp/>*U(Ratio)”, “*“’Pb/* U(£%)”, “**Pb/**U(Ratio)” and “**’Pb/**U(+%)” are
corresponding isotope ratios and their errors, respectively; “*’Pb/**Pb Age (Ma)”,
“Xpp/"U Age (Ma)” and “Concordance” are age values and errors obtained by
calculation, respectively, and the value of “**’Pb/”**U(Ma)” is used for determination of the
zircon age of samples. All of the above data are measured or calculated by laboratories.

The characteristics of major elements and trace elements in magmatic rocks collected
from the western Qinling orogenic belt and Linxia basin in the northern part of Hezuo show
the contents of various major elements (in wt.%) and trace elements (x10°°) measured by
laboratories; “Total”, “FeO™, “Mg"™, “A/CNK”, “YREE”, “Ew/Eu*”, “Ce/Ce*”, “(La/Yb)y”,
“(La/Gd)y”, “(Gd/YD)y” (normalized values according to Sun and McDonough, 1989), “Nb/
Ta”, “Zr/Y”, “Zr/Hf”, “Rb/Sr” and “Rb/Cs” are obtained by calculation.

The characteristics of Sr and Nd isotopes in magmatic rocks collected from the western
Qinling orogenic belt and Linxia basin in the northern part of Hezuo shows that “Rb(x10°)”,
“Sr(x10°)”, “*’Rb/**Sr”, “*’Sr/*Sr” and “+26” are the contents of Rb and Sr, and the
isotope ratios and errors, respectively, determined and provided by laboratories; Sm (x10°)”,
“Nd (x10°)”, “"Sm/"**Nd”, “ '"*Nd/'*Nd” and “+26” are the contents of Sm and Nd,
and the isotope ratios and errors, respectively, determined and provided by laboratories;
“(*’Sr/*Sr),” is the initial isotope ratio of a rock sample obtained by calculation, and “enagy
is obtained by calculation.
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5 Data usage

The above test result data are provided by known laboratories. With zircon U—Pb age
data, the zircon age concordia diagram can be obtained using the program Isoplot 3.0. The
test data of major elements, trace elements and rock Sr—Nd can be used respectively for
geochemical mapping to obtain the geochemical characteristics of rock, and then to infer

the formation mechanism of rock samples and the tectonic setting of the research area.

6 Conclusions

The geochemical dataset of important magmatic rocks along the deep seismic reflection
profile of the western Qinling—Linxia basin comprises three data sheets, namely, the
zircon LA - MC - ICP - MS age data for magmatic rocks in the western Qinling orogenic
belt and Linxia basin (a total of 7 test samples, 145 test points), the characteristics of major
elements and trace elements of the magmatic rocks in the northern part of Hezuo (a total
of 33 test samples, with 69 test items per sample), and the characteristics of Sr and Nd
isotopes of the magmatic rocks (a total of 27 test samples). These data from the western
Qinling orogenic belt and Linxia basin provide scientific reference for the study of the
lithogenesis and geological and tectonic setting in the area.
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